plasma total oestriol and dehydroepiandrosterone sulfate loading test as indicators of feto-placental function or placental sulfatase deficiency. J. Steroid Biochem. 11,501-505(1979).
We give below the formulas for calculating the slope (m) and intercept (c) of the line y = mx + c for Methods 2-4. We haven pairs of readings x, yj, i = 1,. The weighted correlation coefficient is defined by
r--sxsy
When the line is constrained to pass through the origini.e., y = mx-then the formula for m is exactly the same as above, except that S, S, and S are replaced by wjy, and W 1X jYj, respectively. Several authors describe use of the centrifugal analyzer to quantitate IgG, IgA, and 1gM in serum (1) (2) (3) (4) (5) . These methods are all based on the apparent increase in absorbance (light scatter) during the immunoprecipitin reaction. Past authors prepared their own reagents (specific antisera and polymeric enhancers) from commercially available source materials (1) . Variations in specificity and titer found in commercially available antisera necessitate changes in protocol for each new batch of antisera. We have investigated, in a routine laboratory setting, the performance characteristics and use of a re- Inc., Fairfield, NJ 07006). The reagents used are adjusted for titer variation so that the lyophilized antiserum in each vial is optimal. Thus, standard curve response is consistent from lot to lot of reagent.
Materials and Methods
We used the GEMENI miniature centrifugal analyzer (Electro-Nucleonics, Inc.) and GEMENI Immunoglobulin Assay kits for IgA, IgG, and 1gM. Each kit contains five vials of lyophilized goat anti-human, heavy chain, monospecific antiserum and one vial of accelerator reagent in powder form. The accelerator reagent, polyethylene glycol, is reconstituted in distilled water and this solution is used to dissolve the lyophilized antiserum. The fmal concentration of the accelerator is 20 g/L for the IgG and 1gM assays, and 30 g/L for IgA.
Antisera produced against purified human immunoglobulins (IgG, IgA, and 1gM) were rendered monospecific by absorption with heterologous immunoglobulins.
Antiserum to IgG was absorbed by multiple passage over a column of Fab2 (6) coupled (by the cyanogen bromide method) to Biogel A 0.5m (Bio-Rad Laboratories, Richmond, CA 94804) (7). Antisera to IgA and 1gM were absorbed by multiple passage over an affinity column of IgG coupled to Biogel (8) . Some antisera to 1gM required further absorption with a column containing bound 1gM from cord serum (9) .
Each run was standardized with five GEMENI Immunoglobulin Standards covering the following ranges (mg/L): IgG 1500-25000, IgA 250-4500, and 1gM 350-4500. We compared the results with results obtained with Kallestad radial immunodiffusion "Endoplates," either regular Precision.
Within-run precision for each assay was studied by running 16 to 18 replicates in one disc at each of three concentrations (Table 3) . To evaluate run-to-run precision, we ran samples at three concentrations, several times during five days (Table 3) .
Method comparison.
Method-comparison studies were performed at two separate sites. Patients' samples were selected such that the full range of values likely to be encountered clinically were analyzed and patients with known paraproteinemias were intentionally included. Table 4 shows the results.
Discussion
These assays take only 3 mm to perform, and results are accurate and precise over a wide range.
In analyses of this type where absorbance readings are taken at fixed times after reaction initiation, careful control of timing is critical, because the absorbance change is time-dependent. An important advantage of centrifugal analyzers is the ability to obtain precisely timed absorbance measurements within a few seconds of reaction initiation. As both mixing and data-taking are under microprocessor control, consistency from sample to sample within a run thus is ensured.
The comparison method, radial immunodiffusion, was in routine use in one of our laboratories (University of Mary- 
Procedure
Analyze two dilutions (with 9 g/L saline) of each unknown sample to detect antigen excess: IgG, five-and 50-fold diluted; IgA, undiluted and fivefold diluted; 1gM, undiluted and threefold diluted.
Load the GEMENI disposable rotor, which acts as both transfer disc and cuvette, according to the protocols given in Table 1 . Place the loaded disc in the analyzer chamber, insert an immunoglobulin test card (which programs the system), and start the assay by pushing the RUN button. Reagent and sample are mixed as centrifugal force spins the mixture into the cuvette area. Absorbance at 340 nm is measured 5 and 180 s after mixing. The absorbance increase for each of cuvettes 3 through 20, corrected for the absorbance change of the reagent in cuvette 2, is printed.
Construct a standard curve by plotting absorbance change for each standard vs the standard concentration.
Read unknowns from this curve. Alternatively, calculate values by using a third-order polynomial fitted to the standard data; for example, we have used a polynomial regression program, no. 09815-15014, on a programmable calculator (Model 9815A; Hewlett-Packard, Corvallis, OR 97330).
Results

Standard curves. As in othei approaches involving light
scattering, the relation between concentration and #{163}4 is nonlinear for the immunoglobulins.
The useful quantitative ranges (without further sample dilution) are 0-25 000, 0-5000, and 0-4500 mg/L for IgG, A, and M, respectively. We tested the assays for parallelism by measuring a series of dilutions for normal and paraprotein sera for each test. The resulting curves fell within 20% of the standard curve in all cases.
Reference intervals.
We evaluated reference intervals by using samples from 122 asymptomatic adults (see Table 2 ). These samples were prescreened by performing complete chemistry and hematological profiles. Reference intervals were Within-run and molecular mass than normal immunoglobulins. Differences in molecular mass will bias results by immunodiffusion methods but not by immunoprecipitation, but any immunological method can be affected by variable specificity. In the present study, only one sample gave grossly discrepant results: an IgA value of 22 100 by radial immunodiffusion and 48 280 mg/L by the turbidimetric method. Despite the lack of agreement, both values were grossly abnormal. With such paraproteins, any immunological method produces only relative estimates of immunoglobulin concentration. For all other samples studied, the agreement between methods was excellent.
The turbidimetric approach to immunoglobulmn quantitation is rapid, accurate, and precise, and will permit laboratories to perform these tests without purchase of dedicated instrumentation.
